The preceding exercise in reductio ad absurdum is particularly directed to those 'specialization' educators who still argue against the introduction of science courses in the general curriculum of non-science undergraduate students.
It is quite obvious to me that the participants in this symposium do not need to be convinced of the necessity to include chemistry in the general undergraduate curriculum. On the contrary, we are here to discuss ways and means to strengthen the place of chemistry in a modern, integrated university educational systemsuch as is required by a scientifically and technologically advanced society.
GENERAL FACTS ABOUT THE TECHNION-ISRAEL INSTITUTE OF TECHNOLOGY
The purpose ofthis article is to describe some ofthe problems encountered in teaching first-year chemistry at the Technion-Israel Institute of Technology in Haifa, Israel. It is not unlikely that similar problemsexist at other universities. An exchange of views at an international symposium such as this, can make a desirable contribution towards finding answers to some of our common problems.
lt may be pertinent to begin with a short general description of the Institute. Technion is the only technological university in Israel affering courses in engineering, architecture and the exact sciences, leading to B.Sc., M.Sc. and D.Sc. degrees. No degrees are offered in the humanities. Technion students in 1968 numbered 5 250 of · whom 3 725 were undergraduates. Women account for eight per cent of the student body and aretobe found mainly studying architecture, the exact sciences and food technology .
. . A.d1nission to the Technion is based on entrance examinations in mathematics and physics. Other entrance requirements include the holding of a National HighSchool Certificate, which is awarded to those passing examinations set by the Ministry of Education in a minimum of five subjects. Three of these subjects, Hebrew, English and Mathematics are compulsory; the two others can be chosen from a relatively large Iist of both science and humanities topics. Thus it is clear that since chemistry is only an elective in the national examinations, it is possible for a student to be admitted to the Technion without his having had any prior contact with chemistry. The same is not true for physics. Even though physics, like chemistry, is an elective in the national certificate examinations, the Technion entrance requirements ensure that any student admitted to study for an engineering degree will have had a certain minimum knowledge of physics, irrespective of whether the student has or has not studicd the subject in secondary school.
Furthermore, the majority of students entering the Technion, do so after completion of two to three years of military service. This means that several years will have elapsed between high school graduation and the start of university studies. Whereas these first-year students, in preparing for the Technion entrance examination, will have had to refresh their secondary school knowledge in mathematics and physics, this is not so for chemistry.
The net result oftbis state ofaffairs isthat 10 to 35 per cent ofthe students entering the Technion have had practically no tuition in chemistry in their high school studies. These students are distributed at random among all the various departments and therefore they cannot be taught freshman chemistry as a separate group. The three science departments at the Technion, in addition to catering for their own undergraduate and graduate students, provide all the service courses in mathematics, physics and chemistry. In this way the Chemistry Department is responsible for the teaching of chemistry to about 900 firstyear engineering students, as well as for providing more advanced chemistry courses for some of the Engineering Departments at the Technion.
FORMULATION OF THE PROBLEM
The Academic Senate of the Technion, in its collective wisdom, decided several years ago that the first year of studies in the four-year undergraduate course leading to a B.Sc. degree in engineering, should consist of a unified introductory course in the basic sciences, mathematics, physics and chemistry. This decision shows very clearly the Technion educators' awareness of the necessity for a science-orien~ed curriculum in the education of a modern engineer. Unfortunately, a not insignificant number of the students enrolled for an engineering degree appear to lack this awareness, in particular with respect to chemistry. As a consequence, one of the important tasks of the teacher lecturing chemistry to a freshman dass of non-chemistry rnajors is to persuade his students that some understanding of the principles of chemistry could be not only pertinent to, but also very necessary for successfully practising their chosen ( engineering) profession. Many years of experience have convinced me that unless the teacher succeeds in this particular task, forced upon him by prevailing circumstances, the students will merely be going through the rnotions of taking the prescribed course in chemistry, with little or no benefit to them and with precious time wasted by all concerned.
With this pragmatic approach, the first problern of teaching freshman chemistry to non-chemistry majors becomes prirnarily one of syllabus construction. Methods of presentation and teaching aids, though extremely important on their own, can and must be dealt with only after the problern of a suitable syllabus will have been solved. ·
RESULTS AND DISCUSSION
Several years ago we began to search for ways and means to deal with this problern within the context of the Technion situation. For example, a decision was necessary regarding the heterogeneaus composition of the student body which included up to 35 per cent ofstudents with no secondary school chemical education. It was realized that the syllabus construction alone could not solve the problern of these students and other ways would have to be found for alleviating sorne of the hardships that rnight be imposed on such students. Also, it was deemed necessary to do away with the practice of teaching largely descriptive chemistry, since the latter would have meant merely a rehash of secondary school chemistry, a situation certain to cause the majority of students to be bored, uninterested and resentful. Instead, it was decided to concentrate mainly on the principles of chemical bonding ( structural chemistry) and chemical dynamics. This was the first guideline in the choice of subject matter. The second guideline was to be the application of the principles of chemistry in the consideration of materials and processes of chemical transformation which may be pertinent to various engineering fields.
(i) Lecture course
The first three years of our search and experimentation, 1966-1969, were primarily devoted to the application of the first guideline. I t was feit that, initially, a basic syllabus must be prepared, common to all engineering students. Only after achieving this aim, should work be clone on the selection of suitable examples, in the context of the basic syllabus, which would demonstrate the application of fundamental chemical principles to the characterization of materials and chemical processes of more or less direct interest to engineering students.
Freshman chemistry at the Technion is taught over a period of two semesters (14 weeks each) and the course comprises lectures (two hours per week), tutorials or recitations (one hour per week) and laboratory (one three-hour period per week). It was convenient, for the purpose of our experimentation, to regard freshman chemistry as consisting of two parallel but complementary chemistry courses: the lectures on the one band, the tutorial and laboratory on the other. We shall deal with these two parts separately.
The limited total time available for lectures made it imperativetobe very selective in the choice of material even within the already constraining criterion of concentrating mainly on principles of chemistry. An attempt at objectivity was made in the selection process for the construction of the basic syllabus, but it could weil be that personal bias might have influenced both the choice of topics and the time allocation to each topic.
Appendix A contains a brief outline of the basic syllabus arrived at after three revisions. No claim is made that this is the ideal syllabus but it appears to be a working one which both students and teacher should be able to cope with, and further improvements can be introduced as one goes along. This programme has been tried with four groups of freshman students. In the first year, 1966-1967, the course was taught by the same teacher to two separate groups of about 130 students each. Group I comprised only students enrolled in the Department of Mechanical Engineering. Group II included students from the Departments of Aeronautical Engineering, Physics and Mathematics. A questionnaire at the beginning of the course revealed that Group I contained 31 per cent and Group II an average of 15 per cent of students without chemistry preparation in their secondary school studies.
In the second year, 1967-1968, students from the Departments ofElectrical Engineering, Aeronautical Engineering, Physics and Mathematics were taken together as one group. The total number of students in this group, Group 111, was 280 of whom about 32 per cent were without secondary school chemistry. For this group, the syllabus used for Groups I and II was revised, the major change consisting of reducing some of the more quantita-tive material and expanding the qualitative presentation of chemical bond theory. At the end ofthat year a second revision of the syllabuswas made, mainly in expanding slightly the chapters on chemical thermodynamics and chemical kinetics.
In the third year, 1968-1969, the revised syllabus was tried with a small group of students (30), those enrolled in the Physics Department. The material was taught over one semester only, three lecture hours per week. The main purpose was to test various aspects of the basic syllabus with a group of students who might be more science-motivated than engineering students. This group, Group IV, contained about 20 per cent of students without high school chemistry preparation. The small size of the group afforded a better feedback from students, who were allowed to interrupt for questions at any point in the lecture.
A very rough comparison of the performance of the students in Groups I-IV can be made by looking at the results of the final examinations set at the end of the first semester of each year. The results are summarized in Table 1 . These examinations, whilst not identical, were very sirnilar and some of the questions, in slightly modified form, returned each year. I t must be stressed that one should refrain from attempting to draw any far-fetched conclusions from the results given in Table 1 . Our conditions of experimentation were not conducive to careful observation of the many parameters involved and the results should be considered only as preliminary observations which may help in the formulation of a more scientific investigation of the problem. From our point ofview, the immediate usefulness ofthese results isthat they have enabled us to arrive at a working basic syllabus which could serve as a vehicle for the next stages of our project, application of fundamental chemistry principles to areas of interest to engineering students, and the development of a multi-media system of teaching aids for presentation of the programn'le.
(ii) Tutorials and Iabaratory
It has already been mentioned that the tutorials and laboratory are considered to form a second chemistry course, running parallel to the first chemistry lecture course. The technical arrangements are as follows.
The first-year students in each department are divided into groups of maximum 36. Each such group meets once a week for a one-hour tutorial with a teaching instructor, usually a doctorate student in his second or third year of graduate studies. The instructor is supposed to discuss some of the theoretical hackground pertaining to the laboratory experiment which his group will have to carry out the following week. In addition, the instructor will go over such points from the lecture material as the students may wish to raise. Students arealso required to work through problems and questions set on the material covered both in the lectures and the laboratory. There will be two or three quizzes during the semester and the averaged marks obtained in these quizzes form 20 per cent of the final semester grade in chemistry.
The same group of 36 students, under the supervision of three teaching assistants, will go in for a three-hour laboratmy period each week. The students are supposed to read up in advance for the experiment assigned to them and usually the teaching assistants will quiz the students to determine their comprehension of, and theoretical preparation for, the experiment of the week. For each laboratory period, the student is graded for comprehension, experimental ability, working habits, report preparation and accuracy ofresults. The averaged mark at the end ofthe semester constitutes 30 per cent of the total chemistry grade.
A list of topics included in the laboratory programme is given in AppendixB.
This programme, tutorials and laboratory, has been so designed that it should, to some extent, enable students without secondary school chemical education to compensate for some ofthe more elementary material which is not covered in the lecture course.
Currently some of my colleagues in the Department of Chemistry are working on a revision and upgrading of the laboratory programme in an attempt to arrive at as good a correlation as possible between the lectures and the laboratory exercises.
PLANS FOR FUTURE WORK
The next stage in our progran1me is to select suitable examples for discussing the application of chemical principles to the characterization of materials and chemical processes of interest to the engineers. Some people may want specific examples for each engineering branch but we feel that this would be a narrow approach. However, in order to determine the special requirements of the various engineering departments, a committee has been set up comprising three representatives from the Chemistry Department and one representative from each of the Engineering Departments. This committee has already begun its work and it is hoped that some trialswill already be made in the 1969-1970 academic year.
In addition, an experimental project is in progress to provide concentrated preparatory courses in chemistry for intending Technion students who have had no secondary school chemical education.
The use of various teaching aids will be tested with the idea of arriving at a m.ulti-media system which will provide the teacher and the student with a !arge choice of supplementary materials, allowing for variation and adaptation according to specific needs. 
INTRODUCTION TO MODERN THEORY OF A TOMIC STRVCTURE

THE METALLIC BOND (3 h)
Properties of metals. Arrangement of atoms in metals. FCC, hexagonal and BCC packing. The Band Theory of metallic bonds. Insulators and semi-conductors.
8.
CHElvfiCAL THERMODYNAMICS (4 h)
Energy states; entropy; free energy. Vapour pressure. Phase diagrams. Colligative properties. (Harvey Mudd College, Claremont, Calif.) -Much of the difficulty of teaching chemistry to engineers, physicists, humanists or other non-chemists can be minimized by selecting problems designed to show correlations with these fields. In a course including students with different interests, alternate problern sets may be effective. It may be illuminating for teachers to Iook hard at the problems they discuss or assign and ask whether the subjects covered could personally interest the student.
IONS IN SOLUTION (4 h)
DISCUSSION
J. A. Campbell
If a student afterfinishing a course asks, 'Why did I ever take this course ?', the teacher has failed with respect tothat student.
If each course, regardless of its area of specialization, dealt explicitly and extensively with the inter-relationships of its 'own' ideas to other areas, the course would generally improve by increasing student interest, by emphasizing the value of transfer of knowledge and by moving in the direction of an educated rather than a merely trained person.
